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PROBLEM TO BE SOLVED: To provide a rolling bearing capable of sufficiently coping with the high-speed 
operation, miniaturizing a machine tool and reducing the operation cost. 

SOLUTION: This rolling bearing 10 is formed by holding several ceramic rolling bodies 13 with a holder 14 
freely to roll between an inner ring 1 2 and an outer ring 1 1 , and filling the grease containing the fine particles 
of pure diamond, diamond-like carbon and amorphous carbon. 
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[Problems to be Solved by the Invention] 

Be able to correspond to satisfactory in high speed rotation, 
compaction of the machinery and roller bearing which makes 
reduction of operating expense possibleare offered. 

[Means to Solve the Problems] 

Between inner ring 12 and outer ring 1 1 , rotation keeping 
ceramic rotating body 13 of the plural unrestrictedly with 
retainer 14 , it became, it enclosed grease which contains fine 
particle which at same time includes pure diamond and 
diamond-like carbon and amorphous carbon roller bearing 
10o which is made feature 



Page 3 Paterra Instant MT Machine Translation 



JP2003028174A 



2003-1-29 




Claims 
[ft#ft 1] 

[ft** 2] 

ftEistt.* ?u-x±S0) 2-7 a 

[ft** 3] 

«rE«tt*a>¥$&&J&<*40nm JUTT?**^ 

Specification 

[ftftttttttttSlft] 
[0001] 

jUSMWBL 4>cy*» 7^-r*«s ft 



[Claim(s)] 
[Claim 1] 

Between inner ring and outer ring , rotation keeping rotating 
body of the plural unrestrictedly with retainer , it became, it 
enclosed grease which contains fine particle which at same 
time includes pure diamond and diamond-like carbon and 
amorphous carbon roller bearing,, which is made feature 

[Claim 2] 

Content of aforementioned fine particle, is 2 - 7 mass% of 
grease total amount and roller bearing,, which is stated in 
Claim 1 which is made feature 

[Claim 3] 

average particle diameter of aforementioned fine particle, is 
40 nm or less and roller bearing,, whichis stated in Claim 1 
or 2 which is made feature 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards roller bearing , compared to in detail, it 
is representedwith for example lathe, drill press* boring 
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, ; board, mifling machine* grinder* honing board and super 
SI top plate* lapper etc, rubbing* it regards roller bearing 
which is installed in ideal in the primary axis support section 
etc of machinery which turns with high speed. 

[0002] 

[Prior Art] 

roller bearing is usually installed by primary axis supporting 
in spindle of kindof machinery which is listed on description 
above, ane 4r-3.^ ball bearing and cylindrical pipe time 
bearing etc are combined generally and areused. 

In order as for fabrication precision and productivity of 
machinery place whereit depends on rotational speed of 
primary axis is large, to raise productivity the acceleration of 
rotational speed of primary axis must be assured. 

But, when roller bearing is used under high speed rotation, 
heat emission of bearing converts remarkably, contact surface 
pressure between rotating body and inside and outside 
wheelincreases because with centrifugal force , use condition 
of spindle deterioratesconsiderably, risk of bearing damage 
which is represented in wear or seizing etc as result, increases. 

In addition, from fact that also heat emission becomes large 
dependingupon high speed rotation , there is also a risk where 
heat deformation of machinery happens, there is also 
influence to fabrication precision. 

[0003] 

Because fatal situation is not generated in this kind of bearing 
system, even inorder in addition to avoid decrease of 
fabrication precision with heat deformation of machinery 
entirety, selecting appropriate lubrication system in under 
high speed rotation, the to the utmost you must hold down 
heat emission in primary axis supporting roller bearing. 

From fact that cooling effect which accompanies lubricating 
oil supply isacquired, oil air lubrication method, nozzle jet 
lubrication method and under lace lubrication method are 
adopted for lubrication of primary axis supporting roller 
bearing of machinery which until recently, high speed rotation 
isdone. 

But, with these lubrication system, because introduction of 
lubricating oil supply apparatus is essential,loaded surface 
area for that must be guaranteed inevitably, compaction of the 
machinery entirety is obstructed. 

In addition, with these lubrication system, lubricating oil is 
consumed in continual,furthermore because also operating 
expense of lubricating oil supply apparatus is necessary, the 
operating expense as machinery entirety becomes large. 

various countermeasure is devised for reducing operating 
expense, but there is a condition which has almost reached to 
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[0006] 



[0007] 
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[0008] 

[f8E0>llifc©fl*9g] 

bit* *mmzmLxvtm\z%tBjrt-z>. 

[0009] 



* ' limit. 
[0004] 

system which encloses grease as lubrication system of bearing 
and isgeneral, but bearing heat emission which originates in 
shear of grease tobe large, from fact that in comparison with 
above-mentioned oil air lubrication method etc reliability for 
bearing durability is low, it is a lubrication system 
ofunsuitability essentially in primary axis supporting roller 
bearing of machinery which accompanies high speed rotation. 

But, if it can actualize, with above-mentioned each lubrication 
system which itcontinues supplies lubricating oil compaction 
of machinery which it cannotcorrespond grease lubrication 
and reduction or other merit of operating expense can 
beenjoyed. 

In addition, grease lubrication because lubricating oil is not 
consumed in large amount unlike oil air lubrication system 
etc, has also benefit that contributes to the environmental 
protection. 

[0005] 

[Problems to be Solved by the Invention] 

As for this invention considering to this kind of condition, 
being somethingwhich it is possible, be able to correspond to 
satisfactory in high speed rotation,for example dm nlOO 0,000 
or greater, it offers compaction of machinery and roller 
bearing which makes thereduction of operating expense 
possible it makes objective. 

[0006] 

[Means to Solve the Problems] 

Above-mentioned objective which relates to this invention 
becomes, between inner ring and outer ring , rotation keeping 
rotating body of plural unrestrictedly with retainer , is 
achieved grease which contains fine particle which at same 
time includes pure diamond and diamond-like carbon and 
amorphous carbon was enclosed by roller bearing which is 
made feature. 

[0007] 

Especially, content of aforementioned fine particle is 
designated as 2 - 7 mass% of grease total amount, and average 
particle diameter of aforementioned fine particle isdesignated 
as 40 nm or less, it is desirable . 

[0008] 

[Embodiment of the Invention] 

You explain in detail below, in regard to this invention. 

[0009] 
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roller bearing of this invention is not something which 
. especially is restrictedin structural , it is possible to illustrate 
ane ^jl^ ball bearing 10 which is shown in for example 
Figure 1. 

ane ^fa^ ball bearing 10 which is illustrated is formed, 
between outer ring 1 1 and inner ring 12 , rotation keeping ball 
13 of plural unrestrictedly with retainer 14 . 

In addition, ball 13 can also make silicon nitride and silicon 
carbide or other ceramic. 

[0010] 

Regarding to this invention, specific grease which is shown 
ondescription below is enclosed in bearing space which is 
formed with the outer ring IK inner ring 12 and ball 13. 

[0011] 

In enclosure grease, base oil or thickener are not something 
whichespecially is restricted. 

As base oil, you can list for example mineral oil type and each 
lubricating oil etc of synthetic oil type. 

As mineral oil type lubricating oil, you can use those which as 
needed combining vacuum distillation* oil deasphalting* 
solvent extraction* hydrocracking* solvent dewaxing* 
sulfuric acid washing* kaolin refining and hydrofining, etc, 
refined mineral oil. 

As aforementioned synthetic oil lubricant base oil, you can 
list hydrocarbon oil* aromatic group oil and the ester type 
oil* ether oil etc. 

As aforementioned hydrocarbon oil, normal paraffin* 
isoparaffin* polybutene* polyisobutylene* 1-decene 
oligomer* 1 - decene and you can list ethylene cooligomer or 
other poly ;al-olefin etc. 

As aforementioned aromatic type oil, you can list monoalkyl 
naphthalene* dialkyl naphthalene* poly alkyl naphthalene 
or other alkyl naphthalene oil etc. 

As aforementioned ester type oil, you can list dibutyl 
sebacate* di- 2-ethylhexyl sebacate* dioctyl adipate* 
diisodecyl adipate* ditridecyl adipate* ditridecyl drip— To 
and methyl * acetyl is J rate or other diester oil* trioctyl 
trimellitate* tridecyl trimeliitate* tetraoctyl pyromellitate or 
other aromatic ester oil* trimethylolpropane caprylate* 
trimethylolpropane ^< ^ jpll if*— jp7* pentaerythritol 
-2- ethyl hexanoate* pentaerythritol 5 jpll =f^— jp7 
or other polyol ester oil* carbonate ester oil etc. 
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[0013] 

r*. 



As aforementioned ether oil, polyethylene glycol, 
polypropylene glycol, polyethylene glycol mono ether, 
polypropylene glycol mono ether or other polyglycoL or you 
can list monoalkyl triphenyl ether, alkyl diphenylether, 
dialkyl diphenylether, pentaphenyl ether, tetra phenyl 
ether, monoalkyl tetra phenyl ether, dialkyl tetra phenyl 
ether or other phenyl ether oil etc. 



You can use these base oil, as alone or mixture. 
[0012] 

In addition but, selecting composite metal soap or other metal 
soap and bentonite, silica gel, urea compound, urea * 
ure thane compound, urethane compound or other non- soap 
whichare selected from Li,Na,Ba, Ca, Al etc as thickener, 
appropriately, you canuse, when heat resistance of grease is 
considered, urea compound, urea * urethane compound, 
urethane compound or, these mixture are desirable. 

When heat resistance and audio characteristic are considered, 
diurea compound especially isdesirable. 

In addition, barium compound soap especially is desirable as 
the high speed rotation application, quantity of thickener 
which is necessary in order to form grease in comparison with 
those of other kind because of therelatively many 
(Approximately 30 weight% of grease total amount ) retention 
performance of base oil is good, has moderate oil release 
behavior in under high speed rotation. 

Because of that, while turning many grease are stopped in 
bearing internal washing style doing grease which with oil 
which theseparation oil is done in bearing outer wheel part 
deposits without, it is possible. 

In addition, as for quantity of thickener, if it is a 
quantitywhich can form grease between above-mentioned 
base oil , there isnot especially restriction, 10 - 30 weight% of 
grease composition total amount are general. 

[0013] 

Regarding to this invention, in above-mentioned base grease, 
it adds the fine particle which includes pure diamond and 
diamond-like carbon and amorphous carbon . 

As for this fine particle, as in Figure 2 shown in schematic, 
pure diamond whichis covered with diamond-like carbon 
gathers, says plurality entirety being the amorphous carbon 
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and being'encircled, being something which forms particle of 
. one, in explanation of later "cluster diamond " with. 

[0014] 

molybdenum disulfide and graphite, polytetrafluoroethylene 
or other solid lubricant, itself cleaving doing in layer, inorder 
to reveal lubricating action, are soft, are easy to be shaved by 
thecontact with counterpart member. 

Entering into tiny recess of ceramic surface from feet that 
cluster diamond the hardness is high vis-a-vis this, is difficult 
to be shaved, regarding the metal surface, , or ceramic 
bearing it raises surface hardness, resistance ablation 
characteristic improves. 

[0015] 

In addition, as for cluster diamond, coefficient of friction 
because it is small bycomparison with molybdenum disulfide 
and graphite, polytetrafluoroethylene or other solid lubricant 
(Approximately 0.07 - 0. 09), micro bearing function is high 
incomparison with when these solid lubricant are used, 
decreases drag. 

Because of that, in case of especially metal bearing, metal 
doing, the direct contact adhesion wear which happens can be 
prevented more moresecurely. 

[0016] 

In order as description above to reveal from action in 
effective, the average particle diameter of cluster diamond is 
40 nm or less, it is desirable . 

It is likely to enter to tiny recess of metal surface and ceramic 
surface andbetween rubbing surface by taking morphological 
form of this kind of ultrafrne particle, canpromote from high 
curing of surface and decrease of drag. 

In addition, grinding grinding action is gone for most part by 
making ultrafrne particle, becomes without either damaging 
revolution runningaspect of bearing. 

[0017] 

Vis-a-vis this, it becomes difficult to invade tiny recess of 
extent,metal and ceramics surface where particle diameter of 
cluster diamond becomes large andbetween rubbing surface, 
above-mentioned effect which cluster diamond hasbecomes 
difficult to be shown! 

In addition, when particle diameter of cluster diamond 
becomes large, shear heat emission of cluster diamond 
between rubbing surface becomes remarkable, 
friction-reducing effect to be shownfrom multiplier effect of 
thing which becomes difficult, is a possibilityof causing 
adverse effect to durability. 
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[0018] • 

Furthermore lower limit of particle diameter of cluster 
diamond is not something whichespecially is restricted. When 
it is remainder too minute, because dispersibility to in grease 
becomes difficult, it selects appropriately in range which 
canmaintain uniform dispersion. 

[0019] 

In addition, as for content of cluster diamond, 2 - 7 mass% of 
grease total amount are desirable, it is a more preferably 3-5 
mass%* most preferably 3-4 mass%. 

content under 2 mass%, high curing and friction-reducing 
effect of surface whichwas inscribed is not shown in fully, 
durability in high speed rotation domain becomes not to be a 
fully. 

[0020] 

On one hand, when content exceeds 7 mass%, you cannot see 
theimprovement of effect which it corresponds to increment, 
inaddition there is a possibility where content of other 
component decreasesrelatively, causes hindrance to 
lubrication performance etc. 

In addition, it reaches point where cluster diamond causes 
secondary cohesion, dispersibility in grease becomes bad, 
causes adverse effect to the rotational performance. 

Furthermore, shear heat emission of cluster diamond in 
between rubbing surface becomeslarge, load resistance of 
lubricant decreases and withstands high speed rotation 
itbecomes impossible . 

[0021] 

It is possible to add according to need antioxidants rust 
inhibitor* oily additive* extreme-pressure additive etc to 
above-mentioned grease . 

These none care with those of public knowledge. 

content of these additive becomes range of 0.15 - 10 mass% 
of grease total amount individually with 0.05 mass % or 
more* total amount of grease total amount, it is desirable . 

Especially, when it exceeds 10 mass% with total amount, you 
cannot expecteffect which it corresponds to increase of 
content not only,content of other component decreases 
relatively, in addition these additive cohere in grease, are also 
times when torque rise or other desirable phenomena is 
caused. 

[0022] 

[Working Example(s)] 
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Below, listing Test Example, furthermore you explain this 
invention, but the this invention is not something which is 
restricted because of this. 

[0023] 

Inane ball bearing (internal diameter 65 mm, outer 

diameter 100 mm, width 18 mm, silicon nitride sphere ) 
for (Test - 1 :bearing durability lifetime test ) machinery, 2.3 g 
(15% possession of bearing space volume )enclosing grease, 
it produced test bearing. 

Furthermore as for grease, kinematic viscosity in 40 deg C in 
ester oil of 20 mm 2 /s, changing addition quantity into base 
grease, and this base grease which combine barium 
compound soap at ratio of 30 weight%, combining cluster 
diamond (Toyo dry lube Ltd. make "LUBDIA "; average 
particle diameter 15 nm ),you used those which it 
manufactures. 

In addition, each grease, in order for mixture consistency to 
become with280, amount of thickener was adjusted. 

[0024] 

bearing durability test was done and, concerning each test 
bearing, making use of the test equipment which is shown in 
Figure 3. 

test equipment which is illustrated supports primary axis 6 
with 2 test bearing 20 which are arranged in back surface 
combination, primary axis 6 through unshown motor and 
transmission, has become spindle structure which rotary 
driving is done. 

In addition, with approximate center of shaft direction of test 
equipment main body 24, through hole for lubricant supply of 
radial direction is provided in intermediate position of both 
test bearing 20,oil air nozzle 21 is inserted in this, it replaces 
this oil air nozzle 21 , with grease nipple and has become 
possible structure. 

In addition, gas outlet line 23 in order exhaust to do air inside 
thesetting space of bearing 20, to test equipment main body 
24 is provided. 

Furthermore, thermocouple 25, contacting with outer ring 20a 
of test bearing 20,has been installed detecting part in test 
equipment main body 24 . 

[0025] 

Test, with condition of atmospheric temperature 20 deg C, 
bias pressure 98N, dm n 1 40 0,000, bearing until seizure 
measuredtime, evaluation did bearing durability lifetime. 

Result is shown with relative value for lifetime of test bearing 
whichencloses base grease of cluster diamond no addition into 
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2 Hfi%]JLt£££-t*-&c:i:lc t }:y. RftJFft® 
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[0026] 

ASK 20 deg C. 98N a>*ftT?Xtr:/K;U 
<J>®&mm& 500rpm 1*0«PlttlC±ff**, 
#l!lEaft-e 50 ftlHttBU 50 MBft&L* 
<K«:ofc4*©liHsa**«KBIEaflEfcU 

asu:»-r*tt»a-<?*-f $7**— 

a«36i*a^i=aT-*-*«fti=*«**. =*u*» 

x*-$r^qE>K©»»i::j:*»»i<**<* 
y. a»«©B»attaa<ftTf*fc«>Tf** 

[0027] 

ft««JBT:/*i9H*ft(rtS 65mm. 
100mm. 4>g 18mm. g.i£&MH)l-, 9 x i—7& 
2.3gflfcSffllHS»© 15%£W)itALT:i4il 

(Si.^'J-Xli.40 deg C KfcltSi&ttfitf 
20mm 2 /s ©IXxiUjft l=. /Aj'tJ.MIfcEltA/ 

* 30 SfiyotDiis-eE^Lfc^-xyu-x. 



Figure 4,,'but effect appears inimprovement of durability 
' lifetime by 2 mass % or more containing cluster diamond, 
understands. 

Especially, range of 3 - 5 mass% most is effective. 

In addition, when content exceeds 5 mass%, when there is a 
tendency where improvement effect of durability lifetime 
becomes weak gradually, exceeds 7 mass% improvement 
effect of durability lifetime extremely becomes little. 

This reaches point where cluster diamond causes secondary 
cohesion,attendant upon because content increases is thought 
that is, because dispersibility in grease decreases. 

[0026] 

(Test - 2:bearing maximum rotary rate measurement ) 
above-mentioned test - to similar to 1, enclosing grease where 
content of cluster diamond differs, it produced test bearing, 
inspectedrelationship between content and bearing maximum 
rotational speed of cluster diamond. 

It tested, with condition of atmospheric temperature 20 deg 
C. bias pressure 98N rising in stepwise 500 rpm each, 50 
hours it left rotational speed of spindle with each rotational 
speed makinguse of test equipment which is shown in Figure 
3, when 50 hours durability stoppingbeing possible to do, it 
sought rotational speed as maximum rotational speed. 

Result is shown with relative value for maximum rotational 
speed of test bearing whichencloses base grease of cluster 
diamond no addition into Figure 5„ but when 2 mass % or 
more itcontains cluster diamond, effect which raises rotational 
speed has appeared. 

Especially, range of 3 - 4 mass% most is effective. 

In addition, when content exceeds 4 mass%, there is a 
tendency where maximum rotational speed decreases 
gradually, but as for this, heat emission becomeslarge with 
shear of cluster diamond between rubbing surface attendant 
uponbecause content increases, it is thought that is, because 
load resistance of lubricant decreases. 

[0027] 

In ane a? ball bearing (internal diameter 65 mm. outer 
diameter 100 mm. width 18 mm. silicon nitride sphere ) 
for (verification of test - 3:cluster diamond grain size ) 
machinery, 2.3 g (15% possession of bearing space 
volume )enclosing grease, it produced test bearing. 

Furthermore as for grease, kinematic viscosity in 40 deg C in 
ester oil of 20 mmVs, combining cluster diamond where 
average particle diameter differs to base grease, andthisbase 
grease which combine barium compound soap at ratio of 30 
weight% at ratio of 3 mass%, those which are manufactured 
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[0028] 

>a£ 20 deg Cs 98N, dmnl40 75<Dg:M~ 
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¥$f&g# 40nm mT-C&Hli. BlElCfl^JB 
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[0029] 

£L±0#Kfta-Jftfr&« *»91l::aa**i*** 
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40nm JJIT"C*9» 2-7 ®S%, #£L 

<i* 3-5 aa%, a%»*L<ii 3-4 ms%T*& 

[0030] 
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ttsi#«pic**a*4i*i&6<y«ai:LTffa 
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were used 

In addition, each grease, in order for mixture consistency to 
become with280, amount of thickener was adjusted. 

[0028] 

Test bearing turning with condition of atmospheric 
temperature 20 deg C* bias pressure 98N* dm nl40 0,000 
and, making use of test equipment which is shown in Figure 
3, it measured bearing outer ring temperature. 

Furthermore bearing outer ring temperature after reaching to 
specified rotational speed, sufficient time (Approximately 2 
hours )leaving, measured with time point where outer ring 
temperature stops changing. 

Result is shown with relative value for lifetime of test bearing 
whichencloses base grease of cluster diamond no addition into 
Figure 6„ but if average particle diameter of cluster diamond 
is 40 nm or less, heat emission which accompanies revolution 
islittle, can actualize satisfactory revolution understands . 

When cluster diamond where particle diameter exceeds 40 nm 
is used, function as abrasive in rubbing surface reveals, 
attends to that and heat emission occurs. 

In addition, also heat emission becomes considerable with 
shear of the cluster diamond itself in between rubbing surface. 

heat emission reducing effect of bearing is lost by multiplier 
effect of or more 2 phenomena. 

[0029] 

From each test result above, in grease which is used for this 
invention, when content of cluster diamond and range where 
average particle diameter is desirable areshown, it becomes 
like Figure 7. 

Namely, as for average particle diameter of cluster diamond 
with 40 nm or less , as for content in order with 2-7 mass%* 
preferably 3-5 mass%* most preferably 3-4 mass% , to 
satisfy this range, durability lifetime of thekind of roller 
bearing which is used with especially high speed rotation by 
adding the cluster diamond to grease, is improved becomes 
possible. 

[0030] 

[Effects of the Invention] 

As above explained, as for roller bearing which encloses 
grease whichcontains cluster diamond, improvement of 
bearing lifetime under high speed rotation andcontrol of heat 
emission become possible, it is ideal lathe* drill press* 
boringboard and milling machine* grinder* honing board, 
rubbing* as roller bearing which is instaliedin primary axis 
support section of machinery which turns with superSI top 
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, plate* lap'per or other high speed. 

Furthermore, oil air lubrication method or other way 
continuing lubricating oil,enclosing grease unlike system 
which it supplies, because youcan use, also reduction and 
space-saving of operating cost become possible. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a sectional view which shows ane ballbearing 
which is a one embodiment of roller bearing which relates to 
this invention. 

[Figure 2] 

It is a schematic diagram which shows cluster diamond. 
[Figure 3] 

It is a sectional view which shows constitution of equipment 
which is usedfor test. 

[Figure 4] 

It is a graph which test - it acquired at 1, shows 
relationshipbetween content and bearing durability lifetime of 
cluster diamond in grease. 

[Figure 5] 

It is a graph which test - it acquired with 2, shows 
relationshipbetween content and bearing maximum rotational 
speed of cluster diamond in grease. 

[Figure 6] 

It is a graph which test - it acquired with 3, shows 
relationshipbetween average particle diameter and bearing 
outer ring temperature of cluster diamond. 

[Figure 7] 

It is a graph which shows content of cluster diamond of 
grease which isused with this invention and range where 
average particle diameter is desirable. 

[Explanation of Symbols in Drawings] 

10 

ane ballbearing 
11 

outer ring 
12 

inner ring 

13 

Ball 
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[Figure 5] 
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